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ONE OF THE MOST recent and important observations
in virology was the discovery of Coxsackie or "C"
viruses by Dalldorf and Sickels in 1948.6 Epidemio-
logic studies on poliomyelitis in Coxsackie, N. Y.,
an urban community in the Hudson River Valley, led
to the observation of the new virus in stool speci-
mens obtained from two boys with nonparalytic
poliomyelitis. In Wilmington, Del., in the same year,
Dalldorf noted a similar virus in stool specimens
obtained from a group of patients with symptoms
of atypical poliomyelitis. Approximately two years
later, Melnick, Shaw, and Curnent8 reported the iso-
lation of the virus not only from patients, but from
flies and sewage. They also described six cases of
accidental laboratory infection among personnel
working with the virus.

In 1950, in England, Findlay and Howard9 ob-
served a virus in the stools of patients with a disease
entity designated, in that country, as epidemic pleu-
rodynia or Bornholm disease. The virus has now
been identified as Coxsackie virus. Another signifi-
cant observation was that of Huebner, Cole, Bee-
man, Bell, and Peers,12 who isolated Coxsackie virus
from patients with herpangina. Thus, within a period
of four years, Coxsackie viruses have been isolated
from patients with three seemingly unrelated symp-
tom complexes.

THE VIRUS

Coxsackie virus is extremely small, ranging in size
from 10 to 20 millimicrons.13' 22 It has been propa-
gated in tissue culture25 and in embryonated eggs.6
It is resistant to antibiotics such as penicillin, strep-
tomycin, and chloramphenicol. The best source of
the virus is feces collected from patients early in
the course of the disease. It has also been isolated
from stools, from throat swabs and rectal swabs. One
investigator reported observing it in spinal fluid,
blood, and urine.11
Many strains of the virus have been noted and, on

the basis of histologic examinations carried out on
experimentally-infected suckling mice, two distinct
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* Coxsackie disease comprises three clinical
entities-herpangina, so-called non-paralytic
poliomyelitis, and epidemic pleurodynia. Sev-
eral strains of antigenically-related viruses,
Groups A and B, designated as Coxsackie virus
have been isolated from stool specimens and
from material from the throat of many patients
with the diseases mentioned. Inasmuch as the
virus has also been recovered from normal
persons, there is as yet uncertainty as to causal
relationship between the presence of the virus
and the disease. Reports of the isolation of
Coxsackie virus and poliomyelitis virus from the
same patient make difficult the interpretation
of the findings.
The diagnosis of Coxsackie disease entails

animal inoculation and serologic procedures.
Emphasis is placed on the necessity of obtaining
stoo/ specimens, throat washings, and "paired"
blood specimens from patients suspected of the
disease.

groups, A and B, have been identified. Group A
strains produce myositis in skeletal muscles, and
Group B strains cause not only myositis but, also,
encephalomyelitis, myocarditis, pancreatitis, hepa-
titis, and inflammatory lesions in fat pads. Reactions
to complement-fixation and neutralization tests also
confirm the existence of the two groups. Further-
more, there are several different types of Coxsackie
virus in each group. The viruses produce paralysis
in both suckling mice and hamsters, and cause a
mild febrile illness in young cynomologous monkeys
and in chimpanzees. Minute cytoplasmic fuchsino-
philic granules have been observed in lesions pro-
duced in suckling mice.21 Although suckling mice
are most susceptible to the virus, it was noted re-
cently that pancreatitis developed in adult mice that
ate infected suckling mice.15
The Coxsackie viruses are widely distributed, yet

overt illness is comparatively uncommon. To date,
isolation of Coxsackie viruses has been reported
from at least 24 states: Alabama, California, Colo-
rado, Connecticut, Delaware, Florida, Georgia, Illi-
nois, Louisiana, Maryland, Massachusetts, Minne-
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sota, New York, North Carolina, Ohio, Oklahoma,
Pennsylvania, Rhode Island, South Dakota, Tennes-
see, Texas, Virginia, Washington, Wisconsin.* The
disease has been reported from England, Canada,
Denmark, France, Israel, and Alaska." 9, 10, 17, 24, 27
Man is evidently the chief reservoir of infection.

Recently, however, Morris and O'Connor20 noted
that the serum from wild cottontail rabbits (Syl-
vilagus floridanus) trapped in Maryland neutral-
ized three strains of Group A Coxsackie viruses. The
epidemiologic significance of this finding is as yet
unknown. Serologic surveys in man indicate that
many persons have been exposed to the infection,
yet to their knowledge have not had Coxsackie dis-
ease. Such evidence indicates that inapparent infec-
tions occur, as has been noted in poliomyelitis. Al-
though the majority of patients from whom viruses
are recovered are under ten years of age7 they have
been obtained from numerous patients in the second
decade of life. Dalldorf observed that the disease
more often affected boys than girls, but Cole, Bell,
Beeman, and Huebner4 noted no significant differ-
ence in this regard. The disease is most prevalent in
the late summer and early fall months, as is polio-
myelitis.

Coxsackie disease may occur in several members
of a family. Close contact is conducive to transmis-
sion of the infection. Infection may result from con-
tact with persons who have asymptomatic cases, with
persons in whom the disease is clinically apparent,
or from carriers. Cole, Bell, Beeman, and Huebner4
were able to isolate the virus from the stools of one
patient with herpangina for 76 days after the onset
of illness. They stated, however, that usually it can-
not be recovered for more than one month after first
symptoms are observed.

CLINICAL MANIFESTATIONS

The. symptoms of the disease complexes vary
greatly. They include those of nonparalytic polio-
myelitis and aseptic meningitis; epidemic pleuro-
dynia or Bornholm disease; and herpangina or ves-
icular pharyngitis (see Table 1).

Nonparalytic poliomyelitis and aseptic meningitis.
After an incubation period of from one to four days
patients complain of malaise, anorexia, nausea, head-
ache, muscular pains, and weakness, especially in the
legs. Stiffness of the neck is a conspicuous symptom.
Temperature of from 1000 to 1040 F. may persist
during the first week of the illness. In many in-
stances, the illness is heralded by symptoms of in-
fection in the upper respiratory tract. Muscle weak-
ness occasionally can be detected. Pleocytosis in the

References: 2, 3, 5, 6, 11, 14, 16, 18, 19, 23, 25.

TABLE l.-ClinicaL Entities from Which Coxsackie Viruses
Have Been Isolated

Clinical Entity Group A Group B
Aseptic meningitis .................... + *
Fever of unknown origin . +
Herpangina .-------------------- +
Non-paralytic poliomyelitis.............. ++
Pleurodynia .------------- + +
Poliomyelitis .------------- + +
Respiratory infections . . + +
Summer grippe .. +
Three-day fever .......................+
Normal .------------ +

I +Indicates isolation of virus.

cerebrospinal fluid is frequently observed in this
form of the disease.

Epidemic pleurodynia (Bornholm disease). The
symptoms that occur at the onset of this clinical en-
tity are not unlike those observed in several viral
diseases-namely, headache, fever of from 1010 to
1040 F., nausea, vomiting, pain in muscles of the
extremities, backache, and stiffness of the neck.9' 16
Sore throat is not uncommon. The striking symp-
toms, however, are pains in the chest and abdomen
which caus-e severe distress in the patient and ac-
count for the designation of "devil's grippe" or epi-
demic pleurodynia. The term Bornholm disease,
used by the English, derives from Bornholm Island
in the Baltic Sea.
Herpangina or vesicular pharyngitis. In 1920, Za-

horsky29 described herpangina as a clinical entity
of unknown cause. The disease is characterized by
fever, headache, abdominal pain, and a sore throat.
Early in the course of the disease the only clinically
observable change in the throat is diffuse conges-
tion. From 12 to 24 hours later, small petechiae may
be noted about the fauces, and later they develop
into vesicles and finally into aphthous areas. The
disease usually lasts four or five days, and the
patient then makes uneventful recovery. Huebner,
Cole, Beeman, Bell, and Peers,12 in 1951, reported
isolation of Group A strains of Coxsackie virus in
material from throat washings and rectal swabs and
in the stools of 32 of 37 patients with herpangina.
They noted that the disease was prevalent in the
metropolitan area of the District of Columbia. The
disease has since been observed by numerous physi-
cians in other areas of the United States. Recurrence
of the infection in the same patient has been re-
ported.4

DIAGNOSIS

The clinical diagnosis of Coxsackie disease is dif-
ficult. It may be suspected in young children with
symptoms of so-called nonparalytic poliomyelitis,
especially when the outstanding symptom is stiffness
of the neck. The disease may also be suspected in
unexplained concurrent severe chest and abdominal
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pain. In herpangina, the presence of vesicles about
the fauces is characteristic. The cardinal symptoms
already mentioned are usually accompanied by head-
ache, nausea, fever and muscular pain. A definite
diagnosis, however, can be made only in the labora-
tory. The isolation of Coxsackie virus from the stool
of a patient, or from material from the throat swabs
in the case of herpangina, is diagnostic if the pres-
ence of other infectious agents causing symptoms
similar to those caused by Coxsackie virus cannot be
demonstrated. In addition to demonstrating the
virus, a rise in titre of neutralizing antibodies or
complement-fixing antibodies should be observed.
The specimens required by the laboratory are: (1)
A stool specimen obtained early in the course of the
disease; (2) from patients with herpangina, speci-
mens of material washed or swabbed from the throat,
kept moist in a serum broth. (3) Two specimens of
blood (10 ml. each), the second obtained approxi-
mately two weeks after the first.

Demonstration of the virus in stool specimens is
comparatively simple. An inoculum is prepared from
the specimens by making a 20 per cent suspension
in distilled water. The suspension is ground in a Ten
Broeck grinder, then centrifuged at 2° C. for one-
half hour at 13,000 rpm. The supernate is removed
and exposed for one-half hour at room temperature
to 1,000 units of penicillin and 10.0 mg. of strepto-
mycin per milliliter. Three-hundredths of a milliliter
of the inoculum is injected intramuscularly, intra-
peritoneally, or intracerebrally into suckling mice
from one to two days old. Observations are then
made for paralysis of the extremities, particularly the
posterior limbs. If the virus is present in the inocu-
lum, paralysis and death usually occur within five
days after inoculation. The presence of the virus is
determined by histologic examination of sections of
the infected mice, and by neutralization and comple-
ment-fixation tests. (A large breeding colony of mice
to supply suckling mice is an essential requirement.)

Routine complement-fixation tests on serum from
patients for the diagnosis of Coxsackie disease are
yet impractical because of the multiplicity of strains
of the virus. On the other hand, serologic tests by
means of complement-fixation and neutralization
procedures are useful to detect a rise in antibody
titre in the serum of a patient from whom the virus
has been recovered. Thus "paired" specimens of
blood from patients suspected of Coxsackie disease
are essential.

RELATIONSHIP OF THE VIRUS TO DISEASE

The relationship of the group of Coxsackie viruses
to the diseases from which they have been isolated
is not definitely known (Table 1). Cole, Bell, Bee-
man, and Huebner4 expressed the opinion that her-
pangina is definitely caused by Group A strains of

Coxsackie virus. They noted the presence of the
virus in 45 of 50 cases of typical herpangina. On the
other hand, they expressed belief that the presence of
the virus in the stools of patients who had the other
clinical diseases thought by some observers to be
caused by Coxsackie viruses might be only inciden-
tal. The etiologic significance of the virus in non-
paralytic poliomyelitis has been critically evaluated
by several investigators, particularly by Cole, Bell,
Beeman, and Huebner,4 who noted in a survey of
the literature and of their own material, that the
virus was observed to be present in from 170 (9.6
per cent) of a total of 1,763 cases. The cases were
classified into two groups-namely, 701 cases of
poliomyelitis and 1,062 cases of nonpoliomyelitis.
Coxsackie virus was present in 10.3 per cent of the
cases of poliomyelitis and in 9.2 per cent of the
other group, indicating no significant difference
between the two groups with regard to the percent-
age of patients carrying the virus.

Experimental evidence that Coxsackie virus is the
cause of epidemic pleurodynia was reported, how-
ever, by Findlay and Howard9 who observed symp-
toms typical of Bornholm disease in an adult volun-
teer who was inoculated intranasally with the virus.
Later, specific complement-fixing antibodies were
demonstrated in serum from the patients. In ad-
dition, two groups of investigators isolated Cox-
sackie virus from patients in epidemic areas. Wel-
ler, Enders, Buckingham, and Finn,28 and Lazarus,
Johnston, and Galbraith'6 recovered the virus from
the stools of a high percentage of patients with epi-
demic pleurodynia.

Inasmuch as the viruses of poliomyelitis and Cox-
sackie disease have been recovered from the same
patient, it has been postulated that the Coxsackie
viruses have a "sparing" effect on the virus of polio-
myelitis. Experiments were carired out by Sulkin
and Manire26 to determine the effect of simul-
taneous inoculation of animals with both viruses.
They observed that Coxsackie virus did not affect
the course of poliomyelitis in mice, but that Lansing
poliomyelitis virus favorably affected the course of
Coxsackie disease in mice. Dalldorf8 infected young
mice with Group B Coxsackie virus, and then with
poliomyelitis virus from four to ten days later. The
animals acquired pronounced resistance to the polio-
myelitis virus.

1. Banker, D. D., and Melnick, J. L.: Isolation of Cox-
sackie virus (C virus) from north Alaskan Eskimos, Am. J.
Hyg., 54:383-390, Nov. 1951.

2. Boak, R. A., Klaumann, B. F., and Ward, C. B.: The
isolation of Coxsackie virus in Southern California. To be
published.

3. Cheever, F. S., Daniels, J. B., and Hersey, E. F.: A
viral agent isolated from a case of "nonparalytic poliomye-
litis" and pathogenic for suckling mice: Its possible rela-
tion to the Coxsackie group of viruses, J. Exper. Med., 92:
153-167, Aug. 1, 1950.

VOL. 77. NO. 2 * AUGUST 1952 129



4. Cole, R. M., Bell, J. A., Beeman, E. A.,eand Huebner,
R. J.: Studies of Coxsackie viruses: Observations on epi-
demiological aspects of Group A viruses, Am. J. Pub.
Health, 41:1342-1358, Nov. 1951.

5. Curnen, E. C., Shaw, E. W., and Melnick, J. L.: Dis-
ease resembling nonparalytic poliomyelitis associated with
a virus pathogenic for infant mice, J.A.M.A., 141:894-901,
Nov. 26, 1949.

6. Dalldorf, G., and Sickles, G. M.: An unidentified, fil-
terable agent isolated from the feces of children with paraly-
sis, Science, 108:61-62, July 16, 1948.

7. Dalldorf, G., and Gifford, R.: Clinical and epidemio-
logic observations of Coxsackie-virus infection, New Eng.
J. Med., 244:868-873, June 7, 1951.

8. Dalldorf, G.: The sparing effect of Coxsackie virus in-
fection on experimental poliomyelitis, J. Exper. Med., 94:
65-71, July 1, 1951.

9. Findlay, G. M., and Howard, E. M.: Coxsackie viruses
and Bornholm disease, Brit. Med. J., 1:1233, May 27, 1950.

10. Foreign Letters, J.A.M.A., 145:1215, April 14, 1951.
11. Howitt, B. F.: Isolation and differentiation of the Cox-

sackie group of viruses, Federation Proceedings, 9:574-580,
Sept. 1950.

12. Huebner, R. J., Cole, R. M., Beeman, E. A., Bell, J.
A., and Peers, J. H.: Herpangina, etiological studies of a
specific infectious disease, J.A.M.A., 145:628-633, March 3,
1951.

13. Huebner, R. J., Ransom, S. E., and Beeman, E. A.:
Studies of Coxsackie virus, adaptation of a strain to chick
embryos, Public Health Rep., 65:803-806, June 23, 1950.

14. Huebner, R. J., Armstrong, C., Beeman, E. A., and
Cole, R. M.: Studies of Coxsackie viruses; preliminary re-
port on occurrence of Coxsackie virus in a southern Mary-
land community, J.A.M.A., 144:609-612, Oct. 21, 1950.

15. Kunz, L. J., Richardson, S., and Pappenheimer, A.
M.: Pancreatic disease in mothers of suckling mice infected
with Connecticut No. 5 strain of Coxsackie virus, Proc. Soc.
Exper. Biol. & Med., 79:488-491, March 1952.

16. Lazarus, A. S., Johnston, E. A., and Galbraith, J. E.:
An outbreak of epidemic pleurodynia, with special refer-
ence to the laboratory diagnosis of Coxsackie virus infec-
tions, Am. J. Pub. Health, 42:1, Jan. 1952.

17. Lepine, P., Thieffry, S., Beinie, L., Sautter, V., and
Martin, Mme.: Presence en France d'Infections Humaines
du Groupe Coxsackie (Virus C), Ann. Inst. Pasteur, 80:
200-203, Feb. 1951.

18. Melnick, J. L., Shaw, E. W., and Curnen, E. C.: A
virus isolated from patients diagnosed as nonparalytic polio-
myelitis or aseptic meningitis, Proc. Soc. Exper. Biol. &
Med., 71:3,44-349, 1949.

19. Melnick, J. L., Kaplan, A. S., Zabin, E., Contreras, G.,
and Larkum, N. W.: An epidemic of paralytic poliomye-
litis characterized by dual infections with poliomyelitis and
Coxsackie viruses, J. Exper. Med., 94:471-492, Dec. 1, 1951.

20. Morris, A. J., and O'Connor, J. R.: Neutralization of
viruses of the Coxsackie group by sera of wild rabbits, Cor-
nell Vet., 42:56-61, Jan. 1952.

21. Pappenheimer, A. M.: Fuchsinophile granules in the
tissues of mice infected with the Connecticut-5 strain of
Coxsackie virus, J. Exper. Med., 95:251-258, March 1, 1952.

22. Quigley, J. J.: Ultrafiltration and ultracentrifuga-
tion studies of Coxsackie virus, Proc. Soc. Exper. Biol. &
Med., 72:434-435, 1949.

23. Rasmussen, A. F.: Medical School, University of Wis-
consin, Madison, Wis. Personal communication.

24. Rhodes, A. J., Clark, E. M., Knowles, D. S., Shimada,
F. S., Ritchie, R. C., and Donohue, W. L.: Studies of polio-
myelitis in Ontario. III. Further observations on the associa-
tion of Coxsackie and poliomyelitis viruses, Can. J. Pub.
Health, 41:183-188, May 1950.

25. Slater, E. A., and Syverton, J. T.: The cultivation of
Coxsackie virus, Proc. Soc. Exper. Biol. & Med., 74:509-
510, 1950.

26. Sulkin, S. E., and Manire, G. P.: Interference be-
tween poliomyelitis virus (Lansing) and the Coxsackie
virus, Texas Rep. Biol. & Med., 8:368-369, Fall 1950.

27. Von Magnus, H.: Isolering af Tre Virus-Stammer af
Coxsackie Gruppen fra Patienter med Meningeale Symp-
tomer, Ugesk. f. laeger, 111:1451-1453, Dec. 22, 1949.

28. Weller, T. H., Enders, J. F., Buckingham, M., and
Finn, J. J.: The etiology of epidemic pleurodynia: A study
of two viruses isolated from a typical outbreak, J. Immu-
nol., 65:337, Sept. 1950.

29. Zahorsky, J.: Herpetic sore throat, South. M. J., 13:
871, 1920.

130 CALIFORNIA MEDICINE


